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Abstract 
Possible impairments of memory in end-stage renal disease (ESRD) were investigated in two 
experiments. In Experiment 1, in which stimulus words were presented visually, participants 
were tested on conceptual or perceptual memory tasks, with retrieval being either explicit or 
implicit. Compared with healthy controls, ESRD patients were impaired when memory 
required conceptual but not when it required perceptual processing, regardless of whether 
retrieval was explicit or implicit. An impairment of conceptual implicit memory (priming) in 
the ESRD group represented a previously unreported deficit compared to healthy aging. 
There were no significant differences between pre- and immediate post-dialysis memory 
performance in ESRD patients on any of the tasks. In Experiment 2, in which presentation 
was auditory, patients again performed worse than controls on an explicit conceptual memory 
task. We conclude that the type of processing required by the task (conceptual vs. perceptual) 
is more important than the type of retrieval (explicit vs. implicit) in memory failures in ESRD 
patients, perhaps because temporal brain regions are more susceptible to the effects of the 
illness than are posterior regions. 
 
Keywords:  
Memory; End-stage renal disease (ESRD); Implicit; Explicit; Conceptual; Perceptual.  
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1.1 Introduction 
In end-stage renal disease (ESRD), failure of both kidneys leads to a build-up of waste 
materials (e.g. urea, toxins and mineral salts) accumulating in the blood, so that a form of 
renal replacement therapy (haemodialysis, peritoneal dialysis, or transplant) is required in 
order for a patient to survive. ESRD is associated with various cognitive impairments (Hart & 
Kreutzer, 1988), for example, visual attention (Etgen et al., 2009), executive functioning 
(Jassal et al., 2006), and psychomotor speed (Griva et al., 2003). In addition, various aspects 
of memory have been shown to be impaired: verbal and visual memory (Elias et al., 2009; 
Kurella et al., 2004), working memory (Buchman et al., 2009) and episodic (explicit) 
memory (Thornton et al., 2007).  The aim of the present study was to explore memory 
impairments in ESRD in greater depth. 
  
In investigations of normal human memory, two key distinctions have been made, one of 
which is between explicit and implicit memory (see Butler & Berry (2001) for review). 
Explicit memory involves conscious memories of facts or information that can be articulated 
or communicated (e.g. remembering the time of an appointment). In contrast, implicit 
memories are not available to conscious recollection and consequently cannot be articulated, 
but rather are demonstrated in priming or procedural memory (e.g. remembering how to ride 
a bicycle or grammar structure). Importantly, different brain areas underlie the two types of 
memory system; dissociations have been displayed in amnesic patients with hippocampal 
damage, episodic explicit memory is impaired whereas implicit memory is spared (Aggleton 
& Brown, 1999; Gabrieli, Fleischman, Keane, Reminger & Morrell, 1995). The second 
distinction is between conceptual and perceptual memory. Conceptually driven tasks require 
semantic processing of the retrieval cue, (e.g. understanding the meaning of a word) whereas 
perceptually driven tasks involve processing of its perceptual features (e.g. counting the 
number of letters in a word) (Roediger, 1990). The temporal lobes have been shown to have a 
prominent role in conceptual processing (Martin, 2007; Pobric, Jefferies & Lambon Ralph, 
2007; Visser, Jefferies & Lambon Ralph, 2010) whereas perceptual processing is thought to 
involve more posterior regions (Blaxton et al. 1996; Schacter., 1992).  
 
These different types of memory have been examined in Alzheimer’s disease (AD), normal 
aging and amnesic patients but not yet in ESRD (Becaria, Campbell & Bondy, 2002).   Our 
expectation was that the pattern of impairment on different tests of memory could provide 
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information about the vulnerability of different brain regions to the effects of the illness, and 
the relationship with healthy aging. 
 
Furthermore, cognitive performance in ESRD patients receiving haemodialysis appears to 
fluctuate with the time at which they are tested during their weekly dialysis cycle, however, 
there is disagreement about the relationship. For example, Griva et al. (2003), tested patients 
immediately before and again 24 hours after dialysis, finding significant improvements in 
attention, concentration, verbal and visual memory and psychomotor speed, post-dialysis. In 
contrast, Murray et al., (2007) examined global cognitive functioning at four different times 
relative to dialysis: one hour before, one hour into a session, one hour after, and the following 
day. Cognitive performance was at its lowest during the dialysis session, and improved one 
hour after dialysis. Performance was best one hour before the session and on the following 
day, with no significant differences between the results at these two times, a finding different 
from that of Griva et al.  Thus the potential costs and benefits of dialysis on cognitive 
function, and how these might vary over time, are not clear at present. In Experiment 1 of the 
present study, we tested memory immediately before and directly after (ten minutes) dialysis 
to determine whether dialysis can have an immediate effect on cognitive performance. 
 
In Experiment 1, our participants with ESRD were randomly assigned to either an implicit or 
an explicit memory testing group. In both groups, participants completed a perceptual and a 
conceptual memory task, involving a learning (encoding) and a recall phase (retrieval), 
separated by a distractor task. The tasks were the same in both groups, with only the different 
instructions establishing whether recall was to be implicit or explicit. To measure the 
potential effects of dialysis on memory, patients were tested once immediately preceding 
haemodialysis, and once ten minutes after a different haemodialysis session, with testing 
sessions separated by one week to minimise patient fatigue. A healthy control group also 
completed the same tasks. In Experiment 1, stimulus presentation was always visual. In 
Experiment 2, to check whether effects were independent of presentation modality, we ran 
with auditory presentation a sub-set of the conditions in which significant differences were 
found in Experiment 1, again comparing patients and controls.  In order to exclude 
participants who were clinically depressed or had severe cognitive impairment, we also ran 
some standard tests of mood and cognition on all participants. 
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In summary, the aim of the study was to investigate the nature of the impairment of memory 
in ESRD, specifically the extent to which it depends on retrieval volition (implicit vs. 
explicit) and type of processing (perceptual vs. conceptual), and the immediate effects on 
these processes of haemodialysis.  
 
 
Experiment 1: Memory processing in ESRD with visual presentation 
 
1.2 Method 
1.2.1 Design 
The study was designed to determine the nature of memory impairment in patients 
undergoing haemodialysis. The study was conducted in accordance with the ethical principles 
of the Declaration of Helsinki, the Good Clinical Practice guidelines of the International 
Conference on Harmonisation, and local regulatory requirements. Ethical approval for the 
study was given by the National Research Ethics Service, UK, and the University of Reading 
Research Ethics Committee.  
 
Patients were randomly assigned to either an explicit (N=14) or an implicit (N=16) group, 
completing both conceptual (e.g., Isingrini, Vazou and Leroy, 1996) and perceptual (e.g., 
Clarke and Butler, 2008) versions of each task. Each patient was tested once immediately 
preceding dialysis and once approximately 10 minutes after another haemodialysis session. 
These test sessions were separated by one week to reduce the effects of fatigue, with order 
counterbalanced over patients. Testing was standardised across sessions to ensure that 
patients were tested at a similar time-point the following week, i.e. if, say, a patient’s first test 
was before the 6 am dialysis session a Monday, the second test session was conducted after 
the 6 am dialysis on the following Monday.  
 
Healthy control participants were randomly assigned to either an explicit (N=16) or an 
implicit (N=20) group. Each participant completed the test procedure once. This single test 
session was compared to the pre-dialysis assessment conducted with the patient group. 
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1.2.2 Participants 
Thirty-six ESRD patients (mean age: 61.4 years, S.D: 16.6) were recruited from the Renal 
Unit, Royal Berkshire Hospital, Reading UK; 22 were male. Each patient was receiving 
haemodialysis three times per week for 3-5 hours per treatment; undergoing haemodialysis 
for a minimum of 90 days prior to testing (all had a Kt/v > 1.4). Exclusion criteria included a 
history of ophthalmological or neurological illness, and English was required as a first 
language. Consent was obtained by a consultant nephrologist independent of the study, and 
patients were tested in a quiet office on the renal ward. Comorbid conditions and other 
relevant history were taken from medical records. 
 
Thirty-six healthy control participants (mean age: 59.3 years, S.D: 15.3) were recruited from 
a research volunteer panel maintained by the Department of Psychology at the University of 
Reading; 12 were male. Eligibility requirements were the same for the control group as for 
the ESRD patients, with an additional requirement of no history of renal disease. Control 
participants were given £5 to cover their expenses. They were tested in a quiet room within 
the Department of Psychology. 
 
1.2.3 Stimuli and Procedure 
1.2.3.1 Apparatus 
Stimuli were presented on a Toshiba 17.3” LCD screen laptop computer using custom 
software written in Visual Basic 6.0 to display the stimuli. The participant was seated in a 
comfortable chair positioned approximately 80cm from the screen. All participants completed 
a number of standard tests of cognition, ability to function in everyday life, and mood, 
namely the MMSE, IADL, NART and GDS (details below).  
 
1.2.3.2 Conceptual memory tasks  
Participants initially viewed a series of 36 words, each presented individually on screen. They 
were instructed to count the number of vowels (a,e,i,o,u) in each word and to respond with 
the corresponding key (1-5). The task was self-paced, so that the next trial was initiated by 
the key-press to the previous trial. Four different lists were available so that different words 
could be used in different testing sessions.  The lists are presented in Appendix 1, and some 
characteristics of the words in each list (length, frequency, familiarity, concreteness) are 
shown in Table 1.  The list version and number were counterbalanced over participants, so 
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that half the participants were tested using the two versions of List 1 and half using the two 
versions of List 2.  Within each of these groups, half the participants were tested in their first 
test session on the Version 1 list and in their second on the Version 2 list, and the other half 
vice versa. Number of correct responses and response time were recorded. 
 
Participants then viewed a series of category labels presented individually (for approximately 
15 seconds) on the screen: e.g. carpenter’s tools. The labels associated with each list are 
given in Appendix 2. The explicit group were instructed to think back to the list of words in 
which they had to count vowels. They were presented with six different categories in turn, 
and asked to say aloud any words seen previously during the counting task which fitted the 
currently presented category, e.g. hammer. The implicit group were presented with twelve 
different categories in turn (more categories were used in the implicit task as some were used 
as distractors). This group were instructed to merely say aloud as many examples of each 
category that came to mind, up to a maximum of eight, without reference to the counting 
task. All utterances were recorded by the experimenter. Half the category labels were drawn 
from a list of words seen in the previous counting task, and half from a second list which was 
not presented during counting. Different lists were available so that different words could be 
used in the two test sessions. The aim of presenting category labels from a list which had not 
been seen was to obtain a baseline measure of the number of exemplars which would be 
generated in the absence of any experience of those categories during the vowel counting 
task. 
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Table 1. Characteristics of the word lists used in Experiment 1. 
Values are means (with standard errors in brackets). Kucera/Francis frequency is occurrence per million words. Familiarity and concreteness 
can both range from 100 to 700. Differences between word lists in these measures were non-significant by ANOVA (degrees of freedom 
differ between measures because, for some words, not all measures are given in the MRC Psycholinguistic database – Coltheart, 1981) 
 
1.2.3.3 Perceptual memory tasks 
Participants viewed a series of 32 words presented individually on the screen, drawn from 
one of the lists in Appendix 1. They were instructed to say each word aloud clearly and 
accurately, and then to move onto the next word by pressing the space bar. As in the 
conceptual task, allocation of lists to test sessions was counterbalanced across participants. 
 
At retrieval, participants viewed a series of 32 word stems (the first three letters of a word, 
e.g. ele…) individually on the screen. The task was to complete verbally each of the word 
stems (e.g. “elephant”) with the constraints that the word be English and not a proper noun 
(person, place or brand name). The next word stem appeared when the space bar was pressed. 
The explicit group were told to recall the encoding task, completing the stem only with a 
word they remembered reading aloud. They were instructed not to guess, and could “pass” a 
stem which they could not recall. The implicit group were told to complete the stems with the 
first word that came to mind. All responses were recorded by the experimenter. Half the word 
stems were drawn from the list of words seen in the previous reading aloud task, and half 
from a second list which was not presented during encoding, again to provide a baseline of 
completions not due to the experimental manipulation.  
 
 
 
List Length (letters) 
Kucera/Francis 
frequency 
Familiarity Concreteness 
V1L1 5.44 (0.23) 19.88 (3.83) 529.31 (14.46) 545.42 (20.58) 
V1L2 5.19 (0.22) 20.16 (3.81) 525.18 (13.72) 540.89 (20.33) 
V2L1 5.56 (0.20) 21.97 (4.26) 518.08 (10.23) 520.13 (23.18) 
V2L2 5.72 (0.19) 23.90 (4.29) 494.63 (11.53) 509.12 (23.14) 
F ratio F 3,124 = 1.14 F 3,123 = 0.15 F 3,101 = 1.52 F 3,97 = 0.62 
p 0.34 0.93 0.22 0.60 
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1.2.3.4 End questionnaire 
Participants in the implicit group completed a questionnaire at the end of testing, whose aim 
was to check whether they were using conscious (i.e. explicit) retrieval strategies. It asked 
whether or not the participant had noticed anything unusual about tests, or a link between the 
encoding and test phases of the stem completion task (i.e. “What did you think was the 
purpose of the stem completion task you just finished?”), or the category exemplar task (i.e. 
“Did you notice any relation between any of the words you saw earlier and any of the 
examples you produced on the category exemplar task?”).  
 
1.2.3.5 Mini Mental State Exam (MMSE) 
The MMSE (Folstein, Folstein & McHugh, 1975) is a short questionnaire designed to screen 
for cognitive impairment. The 30 questions assess memory, orientation to time, orientation to 
place, attention and language. A score of 25-30 indicates normal cognition, 21-24 mild, 10-20 
moderate and <9 severe impairment.  
 
1.2.3.6 National Adult Reading Test (NART) 
The NART (Nelson & Willeson, 1991) assesses pre-morbid intelligence in English-speaking 
individuals. Fifty words, whose reading difficulty varies, are shown on a single sheet, and 
have to be read aloud.  Overall, verbal, and performance IQ can be estimated from the 
number of words correctly pronounced. 
 
1.2.3.7 Instrumental Activities of Daily Living scale (IADL) 
The IADL (Lawton & Brody, 1969) assesses an individual’s independence and how they deal 
with the demands of everyday life. Eight different domains are assessed, including food 
preparation, driving, and shopping; the scale ranges from 0 (low independence) to 8 (full 
independence). 
 
1.2.3.8 Geriatric Depression Scale (GDS) 
The GDS (Yesevage et al. 1983) is a 15-item screening tool for depression in the elderly. It is 
short and easy to administer using a number of questions about mood and anxiety to estimate 
a score of depression. A score of 0-4 is considered normal, 5-9 is mild depression and 10-15 
is more severe depression. 
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The order of pre and post-dialysis testing sessions was counterbalanced. Within the testing 
session, the memory-related tests were administered in the following order: 
1. Vowel Counting Task (Conceptual) 
2. Filler task: Arithmetic 
3. Category Exemplar Task (Conceptual) 
4. Filler task: MMSE 
5. Word Stem Encoding Task (Perceptual) 
6. Filler task: NART and GDS 
7. Word Stem Completion Task (Perceptual) 
8. IADL 
9. End questionnaire 
 
Between encoding and retrieval participants were given distractor/filler tasks which differed 
slightly between pre and post testing sessions. Both sessions contained a simple arithmetic 
task (adding and subtracting three to a series of numbers) between encoding and retrieval of 
the conceptual task. Between perceptual encoding and retrieval a Stroop task (conducted on 
the Toshiba laptop) was conducted in the pre-dialysis session and the NART and GDS were 
completed in the post-dialysis session. Testing sessions lasted approximately 45-60 minutes. 
After testing was complete, patients were fully debriefed. 
 
 
 
1.3 Results 
1.3.1 Demographics 
Table 2 shows participant age, ratio of male to female, NART overall IQ, GDS score, MMSE 
and IADL score. Table 3 provides further information on patients’ initial diagnoses, the 
duration of their haemodialysis and comorbidities. The control group (M = 59.9, SD = 15.3) 
did not significantly differ in age from the patient group (M = 62.3, SD = 16.4), t(64) = -
0.611, p = .54. However, there were significant differences between the groups in MMSE 
scores, t(64) = 3.47, p = .001, GDS scores, t(64) = -3.58, p = .001, and NART scores t(64) = 
4.38, p < .001. Although significantly different between groups, NART and MMSE scores 
were both within normal range. Note that data from the 6 patients who were excluded 
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because of their GDS score (>6, suggesting a sign of depression) are not included in this table 
or the other analyses.  
 
 
Table 2. Demographic data of participants in Experiment 1 
a 
 
Group 
Control (N = 36) Patient (N = 30)* 
Mean SD Mean SD 
Age 59.9 15.3 62.3 16.4 
NART Overall IQ 121.8 4.1 114.8 8.5 
GDS 1.6 1.6 2.9 1.4 
MMSE 28.7 0.9 27.3 2.3 
IADL 8.0 0.0 7.9 0.6 
M / F 12 / 24 - 22 / 8 - 
a Descriptive data for age, NART overall IQ, GDS, MMSE, IADL for the control and patient groups. * Six patients were removed from the 
study due to a high GDS score (>6). 
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Table 3. Patient Characteristics in Experiment 1 
b 
 Haemodialysis Patients (n = 30) 
 No. of Patients Percentage 
Age (years)   
<55 14 38.9 
55-64 5 13.9 
65-74 8 22.2 
75-85 7 19.4 
>85 2 5.6 
Mean ± SD  61.4 ± 16.6 
Renal Diagnosis   
       Diabetes Mellitus 11 36.6 
       Adult polycystic      
kidney disease 
2 6.6 
       Congenital disorder 3 10 
       Amyloidosis 2 6.6 
       Unknown cause 2 6.6 
       Obstructive uropathy 1 3.3 
       Glomerulonephritis 5 16.6 
       Vasculitis 1 3.3 
       Hypertensive/   
renovascular disease 
3 10 
Dialysis duration (months)   
       0-12 7 6.6 
       13-24 12 13.3 
       >24 11 80 
       Mean duration ± SD - 25.2 ± 20.6 
Comorbid Conditions   
Peripheral vascular 
disease 
11 36.6 
Diabetes 11 36.6 
Hypertension 26 86.6 
Stroke 6 20 
Myocardial infarction 6 20 
b Initial renal diagnosis and the length of time on haemodialysis (months) at the point of testing. 
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1.3.2 Effects of dialysis
 
1.3.2.1 Performance at encoding 
For the conceptual encoding task, data were available for 27 of the 36 ESRD patients.  As 
may be seen from the first 2 rows of Table 4, both the number of correct vowel counts, and 
the time taken to make them, were almost identical in the pre-and post-dialysis sessions. Data 
from 28 patients were available for the perceptual encoding task.  Again (Row 3 of Table 4) 
the difference in time to read the words aloud between the two sessions was very small. None 
of the differences between sessions was significant on paired t-tests (see Columns 5 and 6 of 
Table 4). 
 
Table 4. Performance at encoding in patients before and after dialysis in Experiment 1. 
Task 
Pre-dialysis 
mean (SE) 
Post-dialysis  
mean (SE) 
n t p 
Correct vowel counts 29.19 (1.42) 29.70 (1.44) 27 0.55 0.59 
Correct count response 
time (ms) 
3126.56 (387.67) 3308.46 (367.09) 27 0.54 0.59 
Reading time (ms) 1140.18 (91.39) 1159.82 (88.43) 28 0.31 0.76 
 
 
1.3.2.2 Memory performance 
Differences between pre- and post-dialysis performance of patients in the four different 
memory assessments (cued recall, category cued recall, word stem completion and category 
exemplar) were examined with paired sample t-tests. Scores were based on corrected recall 
data (the number of words recalled in the retrieval phase as proportions). There was no 
significant difference between the pre- (M = .079 SD = .098) and post-dialysis (M = .079 SD 
= .068) test of category cued recall task (t(13) = 0, p = 1.0), or the cued recall task pre-
dialysis (M = .286 SD = .16) and post-dialysis (M = .282 SD = .181); t(13) = 0.071, p = .94. 
In addition, no significant differences were found between pre-dialysis (M = .016 SD = .084) 
and post-dialysis (M = .003 SD = .082) scores on the category exemplar task (t(15) = 0.509, p 
= .62) or on the word stem completion task pre-dialysis (M = .227 SD = .12) and post-dialysis 
(M = .203 SD = .138); t(15) = 0.527, p = .6. Overall, dialysis had no significant effects on any 
of these tests (see Figure 1). 
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1.3.2.3 End questionnaire 
None of the responses from participants in the implicit groups suggested that they were 
consciously aware of the relationships between the stimuli at encoding and the cues at 
retrieval. 
 
Figure 1. Comparison of pre and post-dialysis assessments in the patient group; scores are 
proportions of the maximum (1 = score of 100%). No significant differences were found in 
any of the tasks across the dialysis cycle. Error bars = 1 S.E.  
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1.3.3 Patients vs. Controls 
1.3.3.1 Performance at encoding 
Table 5 shows data from the 29 patients (pre-dialysis) and 23 controls for whom they were 
available.  On the conceptual encoding task (vowel counting), controls were both faster and 
more accurate. Controls also took less time to read the words aloud in the perceptual 
encoding task.  
 
 
Table 5. Performance at encoding in patients and controls before dialysis and controls in 
Experiment 1. 
Task 
Patients pre-
dialysis 
mean (SE) 
Controls mean 
(SE) 
Patient 
n 
Control 
n 
t p 
Correct vowel 
counts 
29.41 (1.34) 35.00 (0.52) 29 23 3.54 <0.001 
Correct count 
response time 
(ms) 
3046.41 
(364.87) 
1549.23 (90.86) 29 23 3.58 <0.001 
Reading time 
(ms) 
1138.47 
(88.20) 
856.52 (58.54) 29 23 2.52 <0.015 
 
 
1.3.3.2 Performance at retrieval 
Data were separated into conceptual (category cued recall and category exemplar) and 
perceptual (cued recall and word stem completion) scores, and examined for interactions, as 
well as for main effects. 
 
A 2 (groups) x 2 (tests) between subjects ANOVA on the conceptual data revealed a 
significant main effect of group (patients vs. controls) F(1, 62) = 4.103, p = .047. There was 
no significant main effect of test (explicit vs. implicit) F(1, 62) = 0.65, p = .42, and no 
significant interaction between group and test F(1, 62) = 0.442, p = .51 (see Figure 2). This 
finding suggests that controls performed better on the conceptual tasks irrespective of 
retrieval orientation. For the tests involving perceptual processing, a significant main effect of 
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task was found (F(1, 62) = 5.3, p = .03), indicating that performance was better for all 
participants on the explicit task as would be expected. In contrast to the conceptual data, no 
main effect of group was found for perceptual processing (F(1, 62) = 0.41, p = .52), and no 
significant interaction between group and task F(1, 62) = 0.58, p = .45 (see Figure 3). 
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Figure 2. Results of conceptual tasks: data are mean proportions of maximum possible score. 
Error bars = ±1 S.E. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Results of perceptual tasks: data are mean proportions of maximum possible score. 
Error bars = ±1 S.E.   
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1.3.4 Correlations 
The main effect of group on the conceptual processing task suggests that ESRD patients are 
significantly worse at processing semantic information than healthy controls. The effects of 
ESRD might also be reflected in performance on the neuropsychological tests. To investigate 
this possibility, Spearman correlations were calculated between scores on the conceptual tests 
and those on the MMSE, NART, GDS and IADL (and also age, since this might be affecting 
memory independently of ESRD), and similarly for scores on the perceptual tests.  
Correlations were calculated separately for controls and patients in the implicit and explicit 
groups. Age was negatively correlated with performance on the conceptual scores in the 
explicit control group ( = -0.52, p = 0.04), but none of the other correlations involving age 
or IADL was significant. Table 6 shows the other correlation coefficients between the scores 
on the memory tests, and scores on the MMSE, NART and GDS (with one–tailed p values in 
brackets). Only one of the correlations between conceptual memory scores and the other 
variables was significant (MMSE, explicit control group) and that was negative. For 
perceptual memory (on which the patients were not significantly different from controls), the 
correlation with NART scores in the explicit patient group was significant. With this latter 
exception, there was no consistent relationship between memory scores in ESRD and the 
results of the other neuropsychological scores which might have been affected by the illness. 
 
1.3.5 Priming effects 
Paired sample t-tests were carried out to confirm that both implicit tasks were successfully 
priming participants to recall more studied than non-studied words during retrieval. The 
healthy controls, for the conceptual task, produced significantly more studied (M = 1.85, SD 
= 0.65) than non-studied words (M = 1.37, SD = 0.47), t(19) = 3.02, p < .01, r = 0.57. 
Similarly for the perceptual task, the controls produced significantly more studied (M =6.25, 
SD = 0.65) than non-studied words (M = 2.7, SD = 1.49), t(19) = 7.1, p < .001,  r = 0.85. This 
confirms that priming was having a significant effect on retrieval rate for both tasks. 
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Table 6. Spearman Correlations in Experiment 1 
c 
c Spearman correlation coefficients (one-tailed p values in brackets) between conceptual and perceptual memory scores, and measures of 
cognition and mood in 2 groups of ESRD patients and 2 control groups. 
 
Patients produced significantly more studied (M = 5.9, SD = 2.0) than non-studied words (M 
= 2.25, SD = 1.13), t(15) = 7.54, p < .001, r = 0.89 on the perceptual task. However, on the 
conceptual task, the difference between studied (M = 1.5, SD = 0.6) and non-studied words 
(M = 1.4, SD = 0.46) was not significant (t(15) = 0.78, p = .45. r = 0.2). This confirms that 
patients were successfully being primed during the perceptual task, whereas their 
performance was almost at floor in the conceptual task. 
 
 
1.4 Discussion 
Patients spent significantly longer studying words at encoding than did controls (see Table 5).  
Despite this, their performance at retrieval was similar (perceptual) or worse (conceptual). 
The finding that conceptual priming was absent in the ESRD group is important, as previous 
studies have reported intact performance in healthy aging (e.g., Isingrini et al. 1995). This 
apparent implicit retrieval deficit in conceptual memory reflects a previously unreported 
impairment in comparison with healthy individuals without ESRD. 
 
One might argue that the impairment in conceptual memory found in patients resulted from 
poorer literacy or comprehension in that group.  However, nothing in our measures of the 
general cognitive ability in this group supports this view. Their average MMSE score was 
                                                                          Patient Group 
                    Explicit (n=14)                    Implicit (n=16) 
 MMSE NART GDS MMSE NART GDS 
Conceptual .27 (0.18) .13 (0.33) .08 (0.4) -.02 (0.46) .25 (0.17) -.03 (0.45) 
Perceptual .2 (0.25) .51 (0.032)* -.4 (0.08) .21 (0.22) -.29 (0.13) .36 (0.8) 
                                                                            Control group 
                    Explicit (n=16)                    Implicit (n=20) 
 MMSE NART GDS MMSE NART GDS 
Conceptual .25 (0.18) .21 (0.22) .32 (0.11) -.45 (0.025)* .07 (0.39) -.05 (0.41) 
Perceptual .09 (0.34) .16 (0.27) -.07 (0.4) .05 (0.41) .06 (0.39) -.13 (0.29) 
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almost identical to that of the controls, suggesting normal comprehension. Their average IQ 
(114.8) was lower than that of the controls (121.8), but well above that of the average of the 
general population.  To achieve this score on the NART requires the correct pronunciation of 
a range of uncommon words, which is unlikely in a group with poor literacy.  
 
As the stimuli were always presented visually in Experiment 1, it is possible to argue that the 
impairment in conceptual processing in the patients is in fact a defect in visual processing. 
This seems unlikely, since perceptual processing was unimpaired in patients.  However, to 
test the idea, and to check the robustness of the conceptual memory dissociation found in 
Experiment 1, the explicit conceptual memory condition was conducted with auditory 
presentation. 
 
Experiment 2: Explicit conceptual memory processing in ESRD with auditory 
presentation 
 
2.1 Method 
2.1.1 Design 
All participants completed an auditory version of the explicit conceptual memory test only. 
ESRD patients were tested just before one of their weekly dialysis treatment sessions. 
Controls were tested at a similar time of day (morning or afternoon) to the patient with whom 
they were matched.  
 
2.1.2 Participants 
Eighteen patients, ranging from 52 to 86 years of age (Mean: 70.9, S.D: 11.6) were recruited 
from the renal unit at the Royal Berkshire Hospital in Reading, Berkshire. As in Experiment 
1, ESRD patients received haemodialysis three times per week for 3 to 5 hours per treatment, 
and had been receiving haemodialysis treatment for a minimum of 90 days prior to testing, 
with a Kt/v > 1.4. See Table 7 for a summary of patient characteristics. Other details of 
recruitment and testing of patients were as in Experiment1. Eighteen healthy control 
participants, matched to the patients on age, sex and education level, (mean age: 70.6 years, 
S.D: 10.9) were recruited from a research volunteer panel maintained by the Department of 
Psychology. Other details of recruitment and testing of controls were as  
in Experiment 1. 
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Table 7. Characteristics of patients taking part in Experiment 2. 
 
 
 
Haemodialysis Patients (n = 18) 
 
Characteristic No. of Patients Percentage  
Age (years)   
<55 2 11.1 
55-64 4 22.2 
65-74 4 22.2 
75-85 6 33.3 
>85 2 11.1 
Mean ± SD  70.9 ± 11.6 
Dialysis Duration (months)   
0-12 1 5.6 
13-24 6 33.3 
>24 11 61.1 
Mean ± SD  57.0 ± 68.3 
Cause of ESRD   
Type 2 diabetes mellitus 
 
1 5.6 
Type 1 diabetes mellitus 1 5.6 
Adult polycystic kidney disease 4 22.2 
Chronic kidney disease (unknown cause) 3 16.7 
Obstructive uropathy 1 5.6 
Glomerulonephritis 
 
 
3 16.7 
Vasculitis 2 11.1 
Hypertensive/renovascular disease 2 11.1 
Surgical loss 1 5.6 
Comorbid Conditions   
Peripheral vascular disease 4 22.2 
Diabetes 5 27.8 
Hypertension 4 22.2 
Stroke 3 16.7 
Myocardial infarction 1 5.6 
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2.1.3 Stimuli and Procedure 
Stimuli were presented via a Toshiba 17.3” LCD screen laptop computer with external 
speakers, using custom software written in E-Prime 2.0, which allowed timings and 
amplitudes to be precisely controlled.  
 
2.1.3.1 Encoding phase 
Participants listened to a series of 36 words. The words were recorded in a sound-proof booth 
by a native female English speaker. Each word was stored as a separate sound file, which 
enabled volume to be equalised between words. Each word was presented in isolation with a 
four second gap between words. Participants were instructed to count and report verbally the 
number of syllables in each word. Two of the word lists from Experiment 1 were also used in 
Experiment 2. 
 
2.1.3.2 Retrieval phase 
Retrieval was measured in the same way as in Experiment 1. Participants viewed a series of 
category labels presented individually (each being shown for approximately 15 seconds) on 
the computer screen: e.g. carpenter’s tools, etc. They were presented with six different 
categories and instructed to think back to the word list of which they counted syllables. They 
were asked to say aloud any words remembered from the syllable counting task that fitted the 
currently presented category, e.g. hammer, etc. All utterances were recorded by the 
experimenter.  
 
As before, all participants completed a number of standard tests of cognition, ability to 
function in everyday life, and mood, namely the MMSE, IADL, NART and the Bond-Lader 
Mood Assessment Scale (Bond & Lader, 1974). The Bond-Lader rather than the GDS (as in 
Experiment1) was used as it offers a more sensitive analysis of mood, such as alertness and 
contentedness. The pattern of responses is different in individuals with high and low levels of 
depression (Peet et al, 1981). As in Experiment 1, a distractor task, namely completion of the 
Bond-Lader test, took place between encoding and retrieval. The entire experiment lasted 
approximately 15 minutes. 
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2.2 Results 
2.2.1 Demographics 
Demographic data for the participants in Experiment 2 are shown in Table 8.  Independent t-
tests showed no significant differences between patients and healthy controls for age (t(34) = 
0.103, p = .918) or education level (t(34) = -0.518, p = .608). Significant differences were 
found between the patient and control groups for NART overall IQ scores (t(27.7) = -2.736, p 
= .011), MMSE (t(34) = -2.928, p = .006), and IADL scores (t(18) = -4.721, p < .001) . 
However, even though the groups differed, all scores were within the expected normal range. 
The scores on the 16 analogue scales of the Bond-Lader test were combined into three main 
factors (alertness, calmness and contentedness) and the appropriate factor loadings applied to 
each scale (previously calculated by Bond and Lader, 1974).  The scores on these factors did 
not differ significantly between the patient and control groups (for Alertness, t(34) = 0.43, p 
= 0.67; for Calmness, t(34) = 0.05, p =  0.96; for Contentedness, t(34) = 1.42, p = 0.16). 
 
Table 8. Demographic information for the patient and control groups in Experiment 2
d
. 
d Higher score reflects better performance. NART = National Adult Reading Test, MMSE = Mini Mental State Examination, IADL = 
Instrumental Activities of Daily Living. Bond-Lader = higher score reflects greater negativity. M / F = Male / Female. t = t-value between 
groups. * = p < .05,   ** = p < .01,   *** = p < .001. 
 
 
Group  
Patient (N = 18) Control (N = 18)  
Mean SD Mean SD t  
Age (years) 70.9 11.6 70.6 10.9 0.103 
Education (years) 11.3 2.7 11.7 2.4 -0.518 
NART Overall IQ 116.0 6.0 120.5 3.5 -2.736* 
MMSE 27.3 1.3 28.6 1.3 -2.928** 
IADL 6.4 1.4 7.9 0.2 -4.721*** 
Bond-Lader:      
  Alertness 25.94 17.08 23.72 14.02 0.425 
  Calmness 20.17 18.87 19.86 18.48 0.050 
  Contentedness 21.82 21.31 31.60 19.87 -1.424 
M / F 22 / 8 - 10 / 8 - - 
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Because we wished to combine results from Experiments 1 and 2, we compared demographic 
information from the two patient groups. Independent t-tests revealed no significant 
differences between the two patient samples for Age, (t(46) = -1.959, p = .056), NART 
Overall IQ, (t(46) = -0.543, p = .590), or MMSE, (t(46) = -0.057, p = .955). Although  IADL 
scores differed significantly between the patient groups (t(46) = 5.099, p < .001), both sets of 
scores were within the normal range, and the difference may reflect the different effects of 
the timing of treatment on daily life. In summary, we can conclude that general cognitive 
abilities of the two patient samples are similar enough for comparisons to be made between 
their memory scores. 
 
2.2.2 Comparison of explicit conceptual memory with presentation in two different modalities 
 
To determine whether stimulus modality had an effect on performance, data from the explicit 
conceptual visual task in Experiment 1 were compared with the data from the explicit 
conceptual auditory task in Experiment 2.  The data are shown in Figure 4, which reveals that 
patients perform worse than controls following both modes of presentation, as confirmed by a 
2 (patient vs. control) x 2 (visual vs. auditory) between subjects ANOVA. This showed a 
significant main effect of group, (patients performed worse than controls - F(1,62) = 4.089, p 
= .047), and also a significant main effect of modality (auditory superior to visual - F(1,62) = 
18.816, p <.001), but no significant interaction (F(1,62) = 0.072, p = .789), suggesting that 
patients’ memory impairment is similar, regardless of modality.  
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Figure 4. Explicit conceptual recall scores in patients and controls after encoding in two 
modalities (visual and auditory).  Data are mean proportions of maximum possible score 
(error bars = 1 S.E.). 
 
 
2.3 Discussion 
The finding that the memory impairment in ESRD is similar with auditory presentation to 
that with visual presentation suggests that the patients’ difficulties lie in the memory system, 
rather than in a particular sensory modality. The finding that performance in both groups was 
better with auditory presentation was expected, as previous studies have found better recall 
when stimuli are presented aurally rather than visually during encoding (Levy, 1971; Penney, 
1980; Penney, 1989). In addition to a simple auditory stimulus advantage, the modality effect 
suggests that learning and memory performance is improved when pictures are presented 
with auditory rather than visual textual aids (Moreno & Mayer, 1999). A meta-analysis 
conducted by Ginns (2005) suggests that individuals who learn information with the addition 
of spoken text performed better than individuals who learned with the aid of printed text. 
Craik and Lockhart (1972) suggest that the memory trace and variables affecting retention are 
qualitatively different for aurally and visually presented stimuli. Penney (1975) suggests that 
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the auditory store is larger than the visual store, that aurally presented stimuli are processed 
automatically to at least the level of short-term memory, whereas visual stimuli are not, and 
that presentation methods when comparing the two modes are optimal for auditory stimuli, as 
they may provide a richer context. However, these generalisations may only apply to simple 
stimuli, as used here. Murnane, Phelps & Malmberg (1999) suggest that real-world 
recognition and recall is aided by additional information such as associated context and 
ensemble information – it is very rare that items are presented in isolation.  
 
 
3.1 General discussion 
The current study compared implicit with explicit memory and conceptual with perceptual 
memory in ESRD. In Experiment 1, patients were assessed once before and once 
immediately after haemodialysis, and also compared to a healthy control group. In the patient 
group, no effects of dialysis were found. However, in comparison to the control group, 
patients performed worse on the conceptual task overall, whilst perceptual processing was 
relatively spared. This finding suggests that memory impairment in ESRD is related to the 
type of processing (conceptual vs. perceptual), rather than to the type of retrieval (explicit vs. 
implicit). Moreover, the absence of conceptual priming in the ESRD group represents a 
previously unreported aspect in which the disease differs from healthy aging. 
 
In order to exclude participants outside the normal range, and because various aspects of 
cognition have been reported to be impaired in ESRD, correlations between scores on the 
memory tests and standard tests of cognition and mood were calculated. Because their GDS 
scores suggested a tendency to depression, the data of 6 patients were excluded from the 
analysis of Experiment 1, but the remaining patient GDS scores (and their MMSE and NART 
scores) were within the normal range. It has been suggested that IQ is strongly related to 
conceptual memory, because of the semantic nature of the task (Spiegel & Bryant, 1978). 
However, none of the correlations between patients’ performance on the conceptual memory 
tasks and the NART or MMSE or GDS scores approached significance; only one significant 
positive correlation (that between perceptual memory and NART score in patients) was found 
in either group. This aspect of the data needs to be treated with caution, because of sample 
size, but it suggests that conceptual processing in the patient group may be more affected by 
ESRD than other general aspects of cognition.  
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In Experiment 2, a similar impairment of explicit conceptual memory in patients was found, 
this time with auditory presentation during encoding. This independence of the effect from 
presentation modality suggests that it is indeed a memory effect.  The superior performance 
with auditory presentation confirms what has been found for simple stimuli in earlier studies 
by others. The finding of poorer performance with visual presentation in controls, as well as 
in patients, suggests that the effect is not due to a selective effect on comprehension in 
reading in the ESRD group. 
 
In Experiment 1, the patient group performed almost at floor in the conceptual task, whereas 
in the perceptual task, performance was at a similar level to controls. A possible explanation 
for the relative sparing of perceptual processing in patients is the presence of environmental 
context cues during retrieval, easing the demands of recall. Perez, Peynircioglu and Blaxton 
(1998) studied the effect of children’s age on implicit and explicit memory using a category 
cued recall (conceptual) and a pictorial cued recall task (perceptual). Conceptual performance 
improved with age, whereas perceptual performance remained consistently high. Perez et al. 
suggested that this was due to lower memory demands in the perceptual task, with the 
pictures providing enough additional information to aid with perceptual organisation. Blaxton 
et al. (1996) found using positron emission topography (PET) that conceptual tasks activated 
the medial and lateral left hemisphere in frontal and temporal areas, whilst perceptual tasks 
activated right frontal and temporal as well as posterior areas. Our results are consistent with 
the view that posterior areas are less affected than temporal areas in ESRD, a hypothesis 
which could be tested with further brain imaging studies. The vulnerability of temporal 
regions to the effects of ESRD is also suggested by a study showing that latent learning in 
patients is different to that in controls (Jones et al, 2015). 
 
We investigated the impact of dialysis on cognition in Experiment 1, by comparing patients’ 
performance before and after dialysis. No significant differences were found between the pre- 
and post-dialysis scores, suggesting that dialysis was not having an immediate effect, whether 
beneficial or detrimental, on patients’ memory performance. The evidence on the effect of 
dialysis on cognition is presently unclear. Murray et al., (2007) found patients to be 
performing best before dialysis and 24 hr after dialysis; patients’ worst performance was 
during dialysis treatment. This pattern of results suggests that dialysis is having an 
undesirable effect on cognition, rather than the beneficial effects that have been reported 
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elsewhere (Griva et al., 2003; Griva et al., 2006; Kramer, Madl & Stockenhuber, 1996), or no 
effect, as found here. Further detailed investigation is needed to gain a better understanding 
of the fluctuations of cognition in a typical dialysis cycle. One possibly important variable 
which we did not consider is the time from the previous dialysis at which pre-dialysis testing 
occurs. For a patient tested on a Monday, this will be about 72 hours, whereas for one tested 
on a Wednesday this will be about 48 hours. Some of our patients were tested after the longer 
delay. The similarity in the mean pre- and post-dialysis scores (and standard errors – see 
Table 4) suggests that these differences were having little effect in our study, but they may be 
worth considering in future work. 
 
Exactly how ESRD exerts its effects on cognition is not completely clear, though these 
presumably occur through changes to the blood supply to the brain. As well as the 
accumulation of waste products, ESRD is associated with a variety of causes and effects, as 
well as a number of comorbidities (see Tables 3 and 7), many of which are related to the 
vascular system (diabetes mellitus, vasculitis, glomerulonephritis, and hypertension).  
Hypertension and diabetes have both been found to cause significant impairments in attention 
(van den Berg, Kloppenborg, Kessels, Kappelle & Biessels, 2009), memory (Brady, Spiro & 
Gaziano, 2005) and psychomotor speed (Brands, Biessels, de Haan, Kappelle & Kessels, 
2005). In the present patient sample, at least 2/3rds have been diagnosed with these other 
conditions. Thus, the cognitive impairments may result from a change in quality and/or 
quantity in the cerebral blood supply, comorbidities, or a combination of both. The 
complexity of a typical ESRD patient’s diagnosis when trying to make claims about the 
mechanisms underlying a cognitive impairment suggests the need for caution.  
 
In summary, this study is the first to examine implicit and explicit memory in ESRD and to 
show a difference between conceptual and perceptual processing. The data suggest that 
patients are worse than controls when remembering requires processing of the semantic 
content rather than of the physical features of the stimuli.  The type of processing required by 
the task (conceptual vs. perceptual) is more important than the type of retrieval (explicit vs. 
implicit) in memory failures in ESRD. It may be important for clinicians to note such 
impairments when discussing with patients complex dietary advice or medication regimes as 
part of their treatment. Additional steps may need to be taken to ensure that possibly 
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complicated information is correctly retained and recalled by patients, and so adherence to 
treatment is improved.  
 
Our tentative conclusion for this study of memory in ESRD is that frontal and temporal areas 
are more impaired than posterior areas in the illness. Further brain imaging and behavioural 
studies are needed to confirm this hypothesis, and to determine which features of perceptual 
processing underlie the normal aspects of memory performance, and how these interact with 
the effects of dialysis.  
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Appendix 1. Word lists used in Experiment 1 (see text for details of assignment of lists to 
participants). 
 
Key: V = Version; L = List 
 
 
 
 
  
V1L1  
Lock 
Gulf 
Malaria 
Aunt 
Sweater 
Triumph 
Violin 
Star 
Pitcher 
Wheel 
Diamond 
Celery 
Surgery 
Bell 
Port 
Foot 
Piano 
Rainbow 
Thumb 
Joke 
Twinkle 
Traitor 
Boot 
Bother 
Blouse 
Giraffe 
Dive 
Deceive 
Spoon 
Coat 
Glass 
Nose 
V1L2 
Pitcher 
Bother 
Purple 
Nose 
Triumph 
Lock 
Typhoon 
Sock 
Dragon 
Torment 
Swan 
Clock 
Glass 
Joke 
Coat 
Aunt 
Flag 
Wheel 
Port 
Rabbit 
Star 
Cherry 
Dive 
Gulf 
Frog 
Glove 
Balloon 
Foot 
Trumpet 
Saliva 
Piano 
Scarlet 
V2L1 
Fish 
Monkey 
Vase 
Shoe 
Craft 
Retail 
Savage 
Slipper 
Silence 
Leaf 
Lop 
Genius 
Whistle 
Plague 
Bureau 
Horse 
Motive 
Tire 
Basket 
Screw 
Destiny 
Smile 
Perfume 
Speech 
Spider 
Mystery 
Sailor 
Helmet 
Digest 
Harp 
Flower 
Stool 
V2L2 
Flower 
Loop 
Vest 
Maiden 
Tire 
Turtle 
Genius 
Meadow 
Camel 
Fish 
Deer 
Glitter 
Arrow 
Mouse 
Destiny 
Savage 
Craft 
Motive 
Retail 
Drum 
Incline 
 Cocaine 
Bureau 
Speech 
Slumber 
Silence 
Feather 
Inspire 
Smile 
Marble 
Horse 
Mystery 
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Appendix 2. Category labels for the word lists used in Experiment 1 
 
Key: V = Version; L = List 
 
V1L1      V1L1 
Precious stones     Units of distance 
Units of time     Four-footed animals  
Relatives     Kinds of cloth 
Metals      Colours 
Reading materials    Kitchen utensils 
Military titles     Parts of speech 
 
V2L1      V2L2 
Articles of furniture    Countries 
Parts of human body    Carpenter’s tools 
Fruits      Members of the clergy 
Weapons     Food flavouring 
Types of human dwelling    Types of fuel 
Alcoholic beverages    Professions 
